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(57) ABSTRACT

A molten carbonate fuel cell, which makes a separator unnec-
essary, cuts down the number of components, and markedly
reduces the costs, is provided. In the cell, a cathode, an elec-
trolyte plate holding an electrolyte, and an anode are provided
concentrically with a tube body, the electrolyte plate is held
by the anode, and the electrolyte plate is sandwiched between
the anode and the cathode, so that the cell is constructed
without the use of a separator.

12 Claims, 6 Drawing Sheets
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1
MOLTEN CARBONATE FUEL CELL

The entire disclosure of Japanese Patent Application No.
2012-044790 filed on Feb. 29, 2012 is expressly incorporated
by reference herein.

TECHNICAL FIELD

This invention relates to a molten carbonate fuel cell
intended to achieve a marked cost reduction and a shortened
starting time.

BACKGROUND ART

A molten carbonate fuel cell is constituted by interposing
an electrolyte plate between an anode (fuel electrode) and a
cathode (oxidant electrode) to form a flat plate-shaped elec-
trolyte electrode assembly, and stacking the electrolyte elec-
trode assemblies in a plurality of layers, with separators being
arranged therebetween. In the separator, an oxidant gas chan-
nel and a fuel gas channel are formed (see, for example, Patent
Document 1). A fuel gas is supplied to the anode, and an
oxidant gas is supplied to the cathode, via the separator,
whereupon an electrochemical reaction takes place via the
electrolyte to obtain electric power.

The molten carbonate fuel cell, which has been known so
far, holds a liquid molten carbonate in the electrolyte plate.
Thus, the separator needs to have the shape of the gas channel
or the like controlled with high accuracy, and the shapes of the
anode and the cathode need to be controlled highly accu-
rately. Moreover, the flat plate-shaped electrolyte electrode
assemblies are stacked, with the separators interposed ther-
ebetween, thereby constituting a fuel cell stack. Thus, a
device for clamping the plate members is required. At start-
up, stresses act on the electrolyte electrode assemblies, and
influence each other via the separators. Hence, the fuel cell
has taken time until it reaches the operating temperature.

With the molten carbonate fuel cell, therefore, high accu-
racy has been demanded of its components, and the number of
the components for constituting the fuel cell has increased,
leading to hikes in the manufacturing costs. Moreover, a
certain degree of starting time has been required until a
desired output is obtained.

PRIOR ART DOCUMENTS
Patent Documents

[Patent Document 1] JP-A-2007-265845

SUMMARY OF THE INVENTION
Problems to be Solved by the Invention

The present invention has been accomplished in the light of
the above-mentioned circumstances. It is an object of the
present invention to provide a molten carbonate fuel cell
which can obviate the need for the separator, cut down the
number of the components, markedly reduce the costs, and
can also shorten the starting time.

Means for Solving the Problems

A first aspect of the present invention, intended to attain the
above object, is a molten carbonate fuel cell, comprising: a
tube body having many holes in a tubular surface thereof; a
tubular first electrode provided around the tubular surface of
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the tube body; a tubular electrolyte plate which is provided
around the first electrode, which the first electrode contacts,
and which holds an electrolyte; and a tubular second electrode
which is provided around the electrolyte plate, and which
makes contact with the electrolyte plate to hold the electrolyte
plate, wherein an oxidant gas or a fuel gas is supplied inside
the tube body, and a fuel gas or an oxidant gas is supplied to
the second electrode, whereby an electrochemical reaction
occurs to obtain electric power.

According to the first aspect of the present invention, the
first electrode, the electrolyte plate, and the second electrode
are provided concentrically with the tube body, and the elec-
trolyte plate is held by the tubular second electrode. Thus, the
cell equipped with the anode and the cathode, with the elec-
trolyte plate being sandwiched therebetween, can be con-
structed, without the use of a separator. Even if a plurality of
the cells are provided, stresses acting on the plurality of cells
at start-up do not influence each other. Hence, the time taken
until the desired operating temperature is reached can be
shortened, and the starting time until the desired output is
obtained can be shortened.

Consequently, it becomes possible to obviate the need fora
separator, cut down the number of the components, markedly
reduce the costs, and also shorten the starting time.

The tube body is preferably made of a metal. The first
electrode and the second electrode are each constituted by
sintering a slurry containing a powder of Ni as a principal
ingredient. The electrolyte plate has a carbonate held in
LiAlO,.

A second aspect of the present invention is the molten
carbonate fuel cell according to the first aspect, wherein the
first electrode is a cathode, and the second electrode is an
anode; a material constituting the anode is sintered, whereby
the anode is clamped diametrically inwardly, and the electro-
lyte plate is sandwiched and held between the anode and the
cathode; and the oxidant gas is supplied from inside the tube
body to the cathode through the many holes, and the fuel gas
is supplied to the anode.

A third aspect of the present invention is the molten car-
bonate fuel cell according to the second aspect, wherein the
anode is provided with a stress reduction member.

According to the second and third aspects, an oxidant gas is
supplied from inside the tube body to the cathode through the
many holes, and a fuel gas is supplied from the outer periph-
eral portion to the anode. As a result, an electrochemical
reaction is caused by the oxidant gas and the fuel gas via the
electrolyte to be capable of obtaining electric power.

A fourth aspect of the present invention is the molten
carbonate fuel cell according to the first aspect, wherein the
first electrode is an anode, and the second electrode is a
cathode; a multi-hole tube made of a metal is disposed around
the cathode; a material constituting the cathode is sintered,
whereby the cathode is clamped diametrically inwardly, and
when the cathode is oxidized, a state of the cathode being
clamped diametrically inwardly is maintained by the multi-
hole tube, and the electrolyte plate is sandwiched and held
between the cathode and the anode; and the fuel gas is sup-
plied from inside the tube body to the anode through the many
holes, and the oxidant gas is supplied to the cathode.

According to the fourth aspect, after the material constitut-
ing the cathode is sintered, the metallic multi-hole tube is
disposed around the cathode. Since the material constituting
the cathode is sintered, the cathode is clamped diametrically
inwardly. Also, when the cathode is oxidized, the state where
the cathode is clamped diametrically inwardly is maintained
by the multi-hole tube. A fuel gas is supplied from inside the
tube body to the anode through the many holes, and an oxi-
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dant gas is supplied from the outer peripheral portion to the
cathode. As a result, an electrochemical reaction is caused by
the oxidant gas and the fuel gas via the electrolyte to be
capable of obtaining electric power.

A fifth aspect of the present invention is the molten car-
bonate fuel cell according to any one of the first to fourth
aspects, wherein a diffusion member for diffusing the gas
which flows is provided on an inner periphery of the tube
body.

According to the fifth aspect, the gas supplied to the inner
periphery of the tube body can be diffused by the diffusion
member.

A sixth aspect of the present invention is the molten car-
bonate fuel cell according to any one of the first to fifth
aspects, wherein the tube body is mounted in a casing.

According to the sixth aspect, the desired number of the
tube bodies are mounted individually in the casing, so that a
molten carbonate fuel cell system of a desired output can be
constructed, without stacking of the cells in intimate contact
with each other.

Effects of the Invention

The molten carbonate fuel cell of the present invention can
make a separator unnecessary, cut down the number of the
components, and markedly reduce the costs.

BRIEF DESCRIPTION OF THE DRAWINGS

[FIG. 1] is a sectional appearance drawing of cell equip-
ment equipped with molten carbonate fuel cells according to
a first embodiment of the present invention.

[FIG. 2] is a sectional view showing the schematic con-
figuration of the molten carbonate fuel cell according to the
first embodiment of the present invention.

[FIG. 3] is an appearance drawing of a tube body.

[FIG. 4] is an appearance drawing of the molten carbonate
fuel cell.

[FIGS. 5A to 5F] are a process chart of manufacture.

[FIG. 6] is a sectional view of a molten carbonate fuel cell
according to another embodiment.

[FIG. 7] is a sectional view showing the schematic con-
figuration of a molten carbonate fuel cell according to a
second embodiment of the present invention.

[FIG. 8] is a sectional appearance drawing of cell equip-
ment equipped with the molten carbonate fuel cells according
to the second embodiment of the present invention.

MODE FOR CARRYING OUT THE INVENTION

FIG. 1 shows an exterior section of cell equipment
equipped with molten carbonate fuel cells according to a first
embodiment of the present invention. FIG. 2 shows a section
illustrating the schematic configuration of the molten carbon-
ate fuel cell according to the first embodiment of the present
invention. FIG. 3 shows the appearance of a tube body. FIG.
4 shows the appearance of the molten carbonate fuel cell.
FIGS. 5A to 5F represent the procedure for manufacture of
the molten carbonate fuel cell according to the first embodi-
ment of the present invention.

As shown in FIG. 1, a plurality of (3 in the illustrated
embodiment) molten carbonate fuel cells (MCFCs) 2 are
mounted individually in a hollow casing 1 to construct cell
equipment 3. That is, end portions of a tube body 11 of each
MCFC 2 are fixed to a wall portion of the casing 1, and both
ends of the tube body 11 face the outside. An oxidant gas is
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supplied to the inner periphery of the tube body 11, while a
fuel gas is supplied to the interior of the casing 1 (an external
portion of the MCFC 2).

By mounting the desired number of the tube bodies 11
individually in the casing 1, it becomes possible to construct
a molten carbonate fuel cell system of a desired output, with-
out stacking the plurality of MCFCs 2 in intimate contact with
each other as unit cells. Thus, a molten carbonate fuel cell
system for obtaining the desired output can be constructed
with a simple structure. Moreover, stresses acting on the
MCFCs 2 at start-up do notinfluence each other in the respec-
tive MCFCs 2. Thus, the time taken until a desired operating
temperature is reached can be shortened, and the starting time
until the desired output is obtained can be shortened.

As shown in FIGS. 1, 2 and 3, many holes 13 are formed,
for example, in the tubular surface of a middle portion 12 of
the tube body 11 made of stainless steel. A diffusion member
(fin) for diffusing a gas (an oxidant gas to be described later)
flowing on the inner periphery of the tube body 11 can be
provided on the inner periphery.

As shown in FIGS. 1 and 2, a tubular cathode 14 as a first
electrode is provided around the tubular surface of the middle
portion 12, and a tubular electrolyte plate 15, as an electrode
plate, which the cathode 14 contacts and which holds (is
impregnated with) an electrolyte, is provided around the cath-
ode 14. A tubular anode 16, as a second electrode, which
makes contact with the electrolyte plate 15 to hold the elec-
trolyte plate 15, is provided around the electrolyte plate 15.

Further, as shown in FIGS. 1, 2 and 4, a punch plate 17
having many holes formed therein is wrapped around the
anode 16. Since the punch plate 17 is wrapped around the
anode 16, the electrolyte plate 15 is surely held by the anode
16. The punch plate 17 can be omitted.

With the above-mentioned MCFC 2, an oxidant gas is
supplied inside the tube body 11, and a fuel gas is supplied
inwardly of the casing 1 (outwardly of the MCFC 2). Because
of this feature, an electrochemical reaction is caused via the
electrolyte held in (impregnated into) the electrolyte plate 15
to obtain electric power.

In the above MCFC 2, the cathode 14, the electrolyte plate
15 and the anode 16 are provided concentrically with the tube
body 11, and the electrolyte plate 15 is held by the anode 16.
Thus, a cell having the anode 16 and the cathode 14, with the
electrolyte plate 15 interposed therebetween, can be con-
structed without the use of a separator. Consequently, the
separator becomes unnecessary, and the number of the com-
ponents can be decreased, so that the cost can be reduced
markedly.

The procedure for the manufacture of the MCFC 2 will be
described based on FIGS. 5A to 5F.

As shown in FIG. 5A, the stainless steel tube body 11
having the many holes 13 formed in the tubular surface of the
middle portion 12 is rendered ready for use. As shown in FIG.
5B, the middle portion 12 is coated with a material for con-
stituting the cathode 14, whereafter the material is dried and
sintered to form the cathode 14. The material used for con-
stituting the cathode 14 is a slurry containing a powder of Ni
as a main ingredient.

As shown in FIG. 5C, a material for constituting the elec-
trolyte plate 15 is coated on the outer peripheral surface of the
cathode 14, and dried. Further, a material for constituting the
anode 16 is coated on the above material, and dried. The
material for constituting the electrolyte plate 15, and the
material for constituting the anode 16 are sintered to form the
electrolyte plate 15 and the anode 16. The material used to
constitute the anode 16 is a slurry containing a powder of Ni
as a principal ingredient. The material for constituting the
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electrolyte plate 15 is composed of a slurry containing a
powder of LiAlO, holding a carbonate.

The material for constituting the anode 16 is sintered,
whereby the material shrinks. As a result, a clamping force
occurs in the anode 16, whereupon the electrolyte plate 15 is
reliably held on the side of the tube body 11. Consequently,
contact resistance between the anode 16 and the electrolyte
plate 15, and that between the electrolyte plate 15 and the
cathode 14 are decreased, so that a gas leak is suppressed.

As shown in FIG. 5D, the punch plate 17 is mounted on the
outer periphery of the anode 16 to assist in exhibiting the
clamping effects (reduction in contact resistance, suppression
of gas leakage). The punch plate 17 is metallic, and is com-
posed of, for example, Ni.

As shown in FIG. 5E, a solid molten carbonate 18 is placed
on the inner periphery ofthe tube body 11, and the carbonate
is melted in a reducing atmosphere. By melting the carbonate,
the cathode 14, the electrolyte plate 15 and the anode 16 are
impregnated with the carbonate. As shown in FIG. 5F, an
oxidant gas is flowed along the inner periphery of the tube
body 11 to carry out the oxidation and lithiation of the cathode
14, thereby bringing the cathode 14 into the state of Li-
converted NiO.

By the steps in FIGS. 5A to 5E, the cathode 14 is provided
as the first electrode on the tube body 11, the electrolyte plate
15 impregnated with the molten carbonate is provided, the
anode 16 is further provided as the second electrode on the
outer periphery of the electrolyte plate 15, and the anode 16 is
clamped diametrically inwardly, whereby the electrolyte
plate 15 is sandwiched and held between the anode 16 and the
cathode 14. In this manner, the MCFC 2 can be constituted.

As shown in FIG. 6, a mesh 19 can be wrapped about the
anode 16 as a stress reduction member for preventing cracks.
As the stress reduction member, the mesh 19 is not limitative,
and the use of other member, such as a wire or a fiber material
interposed, is also possible.

A second embodiment of the present invention will be
described based on FIGS. 7 and 8.

FIG. 7 shows a section illustrating the schematic configu-
ration of a molten carbonate fuel cell according to a second
embodiment of the present invention. FIG. 8 shows a section
of'the appearance of cell equipment equipped with the molten
carbonate fuel cells according to the second embodiment of
the present invention. FIG. 7 and FIG. 8 correspond to FIG. 2
and FIG. 1, respectively, in the first embodiment. The same
members as in the first embodiment are assigned the same
numerals as in the first embodiment.

As shown in FIG. 7, a tubular anode 21 (anode material) as
a first electrode is provided around the tubular surface of a
middle portion 12 of a tube body 11, and a tubular electrolyte
plate 15 is provided around the anode 21. A tubular cathode
22, as a second electrode, which makes contact with the
electrolyte plate 15, is provided around the electrolyte plate
15. A multi-hole tube 23 made of a metal is disposed around
the cathode 22, and the cathode 22 is held by the multi-hole
tube 23.

The multi-hole tube 23, as will be described later, is dis-
posed around the cathode 22 after a material for constituting
the cathode 22 is sintered.

Materials for constituting the anode 21 and the cathode 22
are each constituted by sintering a slurry containing a powder
of' Ni as a principal ingredient. The material for constituting
the cathode 22 is sintered, whereby the material shrinks to
contract the cathode 22. Even if the state of shrinkage of the
cathode 22 changes during oxidation of the cathode 22, the
state where the cathode 22 is clamped diametrically inwardly
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is maintained by the multi-hole tube 23, so that the electrolyte
plate 15 is sandwiched and held between the cathode 22 and
the anode 21.

As shown in FIG. 8, MCFCs 25 of the above-described
configuration are mounted individually in a hollow casing 27
to construct cell equipment 26. That is, end portions of a tube
body 11 of each MCFC 25 are fixed to a wall portion of the
casing 27, and both ends of the tube body 11 face the outside.

A fuel gas is supplied to the inner periphery of the tube
body 11, while an oxidant gas is supplied to the interior of the
casing 27 (an external portion of the MCFC 25).

By mounting the desired number of the tube bodies 11
individually in the casing 27, it becomes possible to construct
a molten carbonate fuel cell system of a desired output, with-
out stacking the plurality of MCFCs 25 in intimate contact
with each other as unit cells. Thus, a molten carbonate fuel
cell system for obtaining the desired output can be con-
structed with a simple structure.

The foregoing molten carbonate fuel cell can be con-
structed as a molten carbonate fuel cell which needs no sepa-
rator, and which can cut down the number of the components,
reduce the cost markedly, and shorten the starting time.
Hence, by setting the number of the MCFCs 2 or 25, as
appropriate, downsized cell equipment to upsized cell equip-
ment can be manufactured at markedly reduced costs.

INDUSTRIAL APPLICABILITY

The present invention can be utilized in the industrial field
of' molten carbonate fuel cells.

EXPLANATIONS OF LETTERS OR NUMERALS

1, 27 Casing

2, 25 Molten carbonate fuel cell (MCFC)
3, 26 Cell equipment
11 Tube body

12 Middle portion
13 Hole

14, 22 Cathode

15 Electrolyte plate
16, 21 Anode

17 Punch plate

18 Molten carbonate
19 Mesh

23 Multi-hole tube

The invention claimed is:

1. A molten carbonate fuel cell, comprising:

atube body having many holes in a tubular surface thereof;

atubular first electrode provided around the tubular surface
of the tube body;

atubular electrolyte plate which is provided around the first
electrode, which the first electrode contacts, and which
holds an electrolyte; and

a tubular second electrode which is provided around the
electrolyte plate, and which makes contact with the elec-
trolyte plate to hold the electrolyte plate,

wherein an oxidant gas or a fuel gas is supplied inside the
tube body, and a fuel gas or an oxidant gas is supplied to
the second electrode, whereby an electrochemical reac-
tion occurs to obtain electric power,

the first electrode is a cathode, and the second electrode is
an anode,

a material constituting the anode is sintered, whereby the
anode is clamped diametrically inwardly, and the elec-
trolyte plate is sandwiched and held between the anode
and the cathode, and
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the oxidant gas is supplied from inside the tube body to the
cathode through the many holes, and the fuel gas is
supplied to the anode.

2. The molten carbonate fuel cell according to claim 1,
wherein the anode is provided with a stress reduction mem-
ber.

3. The molten carbonate fuel cell according to claim 1,
wherein a diffusion member for diffusing the gas which flows
is provided on an inner periphery of the tube body.

4. The molten carbonate fuel cell according to claim 2,
wherein a diffusion member for diffusing the gas which flows
is provided on an inner periphery of the tube body.

5. The molten carbonate fuel cell according to
wherein the tube body is mounted in a casing.

6. The molten carbonate fuel cell according to
wherein the tube body is mounted in a casing.

7. The molten carbonate fuel cell according to
wherein the tube body is mounted in a casing.

8. The molten carbonate fuel cell according to
wherein the tube body is mounted in a casing.

9. The molten carbonate fuel cell according to
wherein the anode is sintered Ni powder.

10. The molten carbonate fuel cell according to claim 1,
wherein the cathode is sintered Ni powder.

claim 1,
claim 2,
claim 3,
claim 4,

claim 1,
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11. The molten carbonate fuel cell according to claim 1,
wherein the electrolyte plate comprises carbonate held in
LiAlO,.

12. A molten carbonate fuel cell, comprising:

atube body having many holes in a tubular surface thereof;

a tubular sintered Ni cathode provided around the tubular

surface of the tube body;

atubular electrolyte plate which is provided around the first

electrode, which the first electrode contacts, and which
holds an electrolyte, the electrolyte plate comprising
carbonate held in LiAlO,; and

a tubular sintered Ni anode which is provided around the

electrolyte plate, and which makes contact with the elec-
trolyte plate to hold the electrolyte plate,

wherein an oxidant gas or a fuel gas is supplied inside the

tube body, and a fuel gas or an oxidant gas is supplied to
the second electrode, whereby an electrochemical reac-
tion occurs to obtain electric power,

the anode is clamped diametrically inwardly by sintering,

and the electrolyte plate is sandwiched and held between
the anode and the cathode, and

the oxidant gas is supplied from inside the tube body to the

cathode through the many holes, and the fuel gas is
supplied to the anode.

#* #* #* #* #*



